"Failure to observe the expected effects of prednisone therapy should bring to mind the fact that a very rare patient may lack the hepatic enzyme system that converts prednisone to prednisolone, its active metabolite; the keto group at position 11 must be converted to a hydroxyl group before any glucocorticoid activity is exhibited. Accelerated catabolism of the active metabolite may also result in clinical effects below those expected." 1 Might there be patients with inflammatory disorders who do not respond clinically as expected to prednisone but respond to prednisolone? Clinical medicine was transformed when corticosteroids were synthesized and made available for clinical use in the 1950s 2, 3 ; this is considered one of the landmarks in medicine 3 . [It seems appropriate that this work led to the awarding of the Nobel Prize to Philip S. Hench, MD, (the only rheumatologist to receive a Nobel Prize) and collaborators.] While we now know that corticosteroids are effective for certain patients with inflammatory diseases, there is no incontrovertible evidence to support uniform consensus for the selection of preparation, dosage, and duration for patients with differing conditions [4] [5] [6] [7] . Use of corticosteroids remains more art than science. Indeed, some of us learned and taught that there were some patients with inflammatory conditions who responded poorly to prednisone but did well on methylprednisolone. This was articulated by John Decker, MD, a distinguished and authoritative rheumatologist, director of the US National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, and President of the American Rheumatology Association [now American College of Rheumatology (ACR)].
Unresponsiveness to prednisone is poorly studied, poorly documented in the literature, largely limited to experience and anecdote, and perhaps not widely known nor accepted, particularly among younger rheumatologists. One of us informally surveyed a small number of rheumatologists at the October 2009 ACR meeting; while the majority who trained with contemporaries of Dr. Decker "knew" this ("I'm aware of the concept in the lore of rheumatology; that's why we're Masters!", said a former rheumatology division chief and department of medicine chair), a sizeable minority of prominent rheumatologists had no familiarity with this notion.
We briefly describe several of our patients who illustrate this concept, review the literature, and suggest the validity of this observation; this would have important clinical relevance -implying that certain prednisone-nonresponsive patients with inflammatory diseases be offered trials of methylprednisolone.
A 25-year-old man with juvenile rheumatoid arthritis (JRA) who presented with a disease flare and was treated with up to 60 mg prednisone orally daily for 3 weeks, with no response nor Cushingoid changes, improved and developed Cushingoid changes within days of receiving 48 mg methylprednisolone daily. A 67-year-old woman with polymyalgia rheumatica [erythrocyte sedimentation rate (ESR) 45 mm/h], who was unresponsive to prednisone 40 mg orally daily and showed no signs of hypercorticism, became asymptomatic with normal ESR when switched to prednisolone 40 mg orally daily, but reported insomnia and weight gain of 15 pounds. A 32-year-old woman whose JRA flared and was treated with 12.5 mg prednisone daily, with neither improvement nor Cushingoid changes after 6 weeks, improved and developed physical consequences of hypercorticism after 2 weeks methylprednisolone 48 mg daily; these were sustained taking 12 mg methylprednisolone daily. In a young woman with florid lupus nephritis who was started on 120 mg prednisone daily, without improvement and without emergence of Cushingoid features, showed prompt clinical response and development of Cushingoid features after taking methylprednisolone 80 mg daily.
Have we not all encountered patients treated successfully with parenteral methylprednisone, usually in the hospital, who deteriorated when subsequently placed on equivalent doses of prednisone? Or patients not responding as expected to prednisone who then improved when treated with methylprednisolone, usually in the hospital?
Are there data to support this interpretation? Early studies found that corticosteroids such as cortisone and prednisone were inherently inactive; they needed to be converted in the body to their active metabolites cortisol and prednisolone, respectively 8 . This conversion occurs primarily in the liver by the enzyme 11 beta-hydroxysteroid dehydrogenase type 1 (11ß-HSD1). Lack of enzyme activity leads to impaired conversion and poor availability of the active steroid molecule. In such instances treatment with prednisolone or methylprednisolone, already in an active form,
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The Journal of on June 16, 2017 -Published by www.jrheum.org Downloaded from may be effective. Limited studies in normal individuals and patients with liver disease are instructive. Several studies have documented impaired conversion of prednisone to prednisolone in patients with liver disease and suggested that prednisolone be used preferentially in these conditions [9] [10] [11] ; a single report including 4 patients with liver disease, however, noted impairment of conversion of cortisone to cortisol but not prednisone to prednisolone 12 . These variable observations may reflect not only steroid metabolism in the liver but also hepatic elimination and protein binding, which may be affected differentially by severity of liver disease 9 . Although conversion of prednisone to prednisolone was generally impaired in patients with liver disease, serum concentrations may be maintained because of slower elimination. One of these reports found that 2 of 10 normal controls showed unusually low plasma levels of prednisolone after administration of 10 mg prednisone; bioavailability of prednisolone after ingestion of oral prednisone ranged from 22% to 120% in the 10 normal subjects; the authors attributed this to differing rates of hepatic conversion of prednisone to prednisolone in healthy subjects 11 . Also, there are patients who have deficiency of the enzyme 11ß-HSD1, which is needed to convert prednisone to prednisolone. This condition, termed acquired cortisone reductase deficiency, ACRD, was recognized in 1984 as a partial deficiency of 11ß-HSD1 13 . Eleven patients have been identified; their cortisol deficiency led to activation of the hypothalamic-pituitary axis with resultant clinical signs of androgen excess (sharing overlapping features with polycystic ovarian syndrome). The most recent edition of the authoritative Goodman and Gilman pharmacology text, commenting about patients with liver disease and ACRD, recommended that "in settings in which this enzymatic activity is impaired, it is prudent to use steroids that do not require enzymatic activation (e.g., hydrocortisone and prednisolone rather than cortisone or prednisone)" 14 . These observations, we think, support the possibility that there are some patients, both normal and with liver disease (and perhaps other diseases), who may not optimally metabolize or respond clinically to prednisone.
Might there be other factors contributing to clinically observed unexpected unresponsiveness to prednisone (or cortisone)? Serum levels of prednisolone after prednisone administration may not be the only determinant of the clinical effects of steroids. 11ß-HSD1 may modulate the levels of both endogenous and exogenous steroids at the tissue level. This is suggested by the following observations. 11ß-HSD1 is ubiquitous in skin, bones, the central nervous system, adipose tissues, and in other organs responsive to endogenous cortisol 15 . 11ß-HSD1 activity has been demonstrated in synovial fluid of patients with rheumatoid arthritis and its level shown to correspond with inflammatory markers like ESR 16 . Recently, polymorphisms within the 11ß-HSD1 gene and the gene coding for hexose 6 phosphate dehydrogenase (a coenzyme that supplies reducing equivalents to 11ß-HSD1) have been identified with a population prevalence of 3% and 4%, respectively. These resulted in reduced or absent 11ß-HSD1 activity in cultured cells 17 . Subsequent studies also found a high population prevalence of these polymorphisms 18 . Since we know that genetic polymorphisms affect the metabolism of drugs we use, such as warfarin and azathioprine, it is not unreasonable to consider this might also occur for prednisone.
Might there then be patients with inflammatory disorders who do not respond clinically as expected to prednisone but respond to prednisolone? We think so. We believe we have encountered such patients. We interpret the cited literature as consistent with and supportive of this notion. We suspect prednisone unresponsiveness when we do not observe the expected clinical response at reasonable doses of prednisone, when patients who initially responded to methylprednisolone relapse after being placed on prednisone, and when these patients do not manifest the anticipated physical and metabolic changes of corticosteroid administration (Cushingoid features, increase in appetite, weight gain, insomnia, leukocytosis, eosinopenia, and lymphopenia). We offer such patients a trial of methylprednisolone therapy when we consider steroid therapy most appropriate for their condition, before utilizing other antirheumatic, antiinflammatory, or so-called immunomodulatory/immunosuppressive ("second-line") agents. (Note that this form of prednisone unresponsiveness is quite different from generalized glucocorticoid resistance, where patients are resistant to all forms of steroids, and from those with selective responsiveness to betamethasone 19 , and is beyond the scope of this discussion 20 .) Physicians, especially of the younger generation(s), should be aware of this possible explanation for unexpected prednisone unresponsiveness. We believe it is real, has a scientific basis, and is important in optimally caring for our patients with chronic inflammatory diseases.
